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(54) FORCE SENSE INDICATION DEVICE 

(57)Abstract: 

PURPOSE: To obtain the finger force sense indication 
device which is small in size and lightweight and has a 
wide movable range. 

CONSTITUTION: A member 1 which is applied to the 
surface of a flexible glove that the pad surface of a 
finger can comes into contact with, a wire 2 which draws 
this member in the opposite direction from the bending 
of the finger, and a member 4 for fixing part of a tube 3 
freely guiding the wire 2 are fitted outside the flexible 
glove put on the finger and the tube 3 which guides the 
wire 2 is extended from the glove 6, and the wire 2 is 
taken out of the opposite end of the tube 3 from the 
glove 6 and a means 5 which takes up the wire 2 is 
provided. The take-up means 5 consists of a DC electric 
motor and is driven with a current corresponding to a 
force sense. In another way, a pressure detecting means 
8 is provided between the finger and the member 1 
applied to the finger pad and take-up torque is 
controlled so that the detected pressure becomes equal 
to a target force sense. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The inner force sense presentation equipment characterized by to have the supporter material 
which is pressed against human being's predetermined part directly or indirectly, and which presses, is 
connected to a member and supports a part of member, this wire for [ the ] pressing and forcing a member 
on the predetermined aforementioned part side and tube to which it shows the wire free, and its tube by 
pressing, and a wire rollingup means for the wire guided with the aforementioned tube being connected 
and rolling round the wire. 

[Claim 2] Inner-force-sense presentation equipment characterized by pressing and attaching a member, 
supporter material, the wire, and the tube in the outside of a glove. 

[Claim 3] A wire rolling-up means is inner-force-sense presentation equipment according to claim 1 or 2 
characterized by passing the current proportional to the amount of the inner force sense which drives by 
the direct current motor and it is going to show to the aforementioned direct current motor. 
[Claim 4] It is inner-force-sense presentation equipment according to claim 1 which the pressure 
detection means for detecting the pressure which then, presses and is applied between a member and the 
field of the aforementioned glove is established, and is characterized by driving the aforementioned wire 
rolling up means based on the difference of the inner force sense which it is going to show, and the 
detection value of the force by the aforementioned pressure detection means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention impresses the virtual body as data in the interior of a computer as 
if it existed in an operator, and it relates to inner-force-sense presentation equipment applicable to the 
technology in_which of the object object at the technology in_which of the user-friendliness of a product 
etc. can experience in advance, a distant place, etc. can operate while sensing that there is an operator at 
hand etc. 
[0002] 

[Description of the Prior Art] Drawing 6 is drawing showing the input method from a hand or a finger, 
and the composition of the false experience equipment by image display equipment. In fact, this operates 
with a finger the body which does not exist and experiences the user-friendliness etc. in advance. That is, 
an operator 20 carries the system glove 10 for an information input so that a machine can read the 
position data of a finger. As a system glove 10 for an information input, there is a data globe of U.S. 
V.P.L.Research (it is hereafter called VPL) etc. By the data globe of VPL sewing an optical fiber into the 
usual thin glove, and bending a finger, an optical fiber bends and the degree .of light transmission of an 
optical fiber detects the angle of bend of a finger strangely using turning **. Thus, the mechanical 
position data of the obtained finger are sent to the contact calculation means 12. With the contact 
calculation means 12, the physical relationship of a finger and a body is calculated by calculating the 
position of the virtual body configuration data 15 and a finger. For example, when a finger is in the 
interior more minutely than the front face or front face of a virtual body, it is a time of touching the 
virtual body, and the field to touch is able to lift and etc. operate two or more virtual bodies at a certain 
time. Thus, the physical relationship of the obtained virtual body and a finger is expressed as the display 
means 14 as a picture through the picture creation means 13, and can make an operator 20 know the 
physical relationship of one's finger and a virtual body. Thus, an operator 20 can realize operating a 
virtual body with a finger. 

[0003] The position method of detection by such optical fiber has few portions which restrain the 
movement of operator 20 finger and an arm, and can offer the positional information of a wide range 
finger. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when detecting the positional information of a finger 
and operating a virtual body, an operator needs to check the physical relationship in which a finger 
carries out a virtual body pair from a display means, and cannot use the force sense (inner force sense) 
currently used when human being generally operates a body. For this reason, for the operator, it was 
difficult to sense that the virtual body exists and it is operated. 

[0005] On the other hand, what is proposed as a means to show an inner force sense now gives an 
operator a master manipulator, and some methods of carrying out the force control of the manipulator are 
proposed 0 besides Iwata " virtual reality corresponding to the force sense development" of 
multi-dimension force-sense feedback equipment the 5th human ITA face symposium, 1989). Moreover, 
Sato and others stretched thread to space, and made the intersection of thread operate it, and the method 
of giving an inner force sense by the tension of thread is proposed (88 -"interface device [ for a virtual 
workspace ] SPIDAR [ - ]" **** technique besides Sato, PRU- 1989). However, all will become large-scale 
equipment or the technical problem of flexibility decreasing occurs. 

[0006] In consideration of the technical problem of such a Prior art, this invention can sense an inner 
force sense and aims at offering the inner-force-sense presentation equipment and the inner-force -sense 
control method of moreover serving as compact equipment. 
[0007] 

[Means for Solving the Problem] this invention is inner -force -sense presentation equipment equipped 
with the supporter material which is pressed against the predetermined field of a flexible glove and which 



presses, is connected to a member and supports a part of member, this wire for [ the ] pressing and forcing 
a member on a finger side and tube to which it shows the wire free, and its tube by pressing, and the wire 
rolling-up means for the wire guided with the tube being connected and rolling round the wire. 
[0008] Moreover, the means which can control the rolling up torque of a rolling-up means to any value is 
established. It controls to become specifically equal to the inner force sense which the wire tension in 
which the 1st pulls a finger tends to give, and the force concerning a finger controls the 2nd to become 
equal to the inner force sense which it is going to give. 
[0009] 

[Function] A finger is pulled by the field of the inside of a finger pressing the wire rolled round by the 
rolling-up means via guidance by the tube, and pulling a member. Thereby, the inside of a finger can 
sense the reaction force by pushing the virtual body. 

[0010] Moreover, the reaction force given to the portion of the inside of a finger is controllable to a desired 

value through a wire by controlling the rolling-up torque of a rolling up means to a desired value. 

[0011] Moreover, the reaction force given to the portion of the inside of a finger is controllable to any value 

by pulling a wire based on the difference of the member which pulls a finger, the amount of inner force 

senses obtained from the detection means of the force between the inside of a finger, and the amount of 

inner force senses which it is going to give. 

[0012] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
[0013] Drawing 1 is the front view showing one example of the inner-force- sense presentation equipment 
which is invention of the 1st of this invention. In this front view, the portion of a glove 6 is drawn with the 
dashed line as a transparent thing so that it may be easy to understand relation with a finger. That is, the 
actual glove 6 is on the surface of a finger like a dashed line, and each part material shown in drawing is 
carried on it. In this example, in order to clarify a principle more, the example carried out only in the 
portion of the 1st joint of the forefinger is shown. The same thing is possible even if it is other fingers or 
other joints, in order [ then, ] to make the portion of the inside of the forefinger contact pressing a 
member 1 ** preparing *• the - it presses, and a member 1 can be pulled now with a wire 2 so that it can 
push in the rectangular direction mostly to the inside of a finger A wire 2 is guided along with the back of 
a hand through the interior of a tube 3 in the front face of a glove 6, after going via the fixture material 7, 
it dissociates from a glove 6, and it is guided in the direction of a motor 5. A motor 5 takes out and rolls 
round a wire 2 from a tube 3. Moreover, the supporter material 4 performs support at the time of pressing, 
while fixing a tube 3 to a glove 6, and pressing a member 1 against the inside of a finger. In order to make 
the motor 5 for rolling up roll round a wire 2, the supporter material which fixes a tube 3 is required like a 
glove 6 side (illustration ellipsis). In addition, a flexible thing of low friction like a fluororesin as the 
quality of the material of a tube 3 is suitable. 

[0014] Drawing 2 is the block diagram showing the example of 1 composition of the circuit for enforcing 
the inner force-sense control method by this invention. The target inner force -sense value determined 
from an inner -force -sense setting means 18 to calculate inside a computer based on body configuration 
data and the position data of a hand is inputted into the inner-force-sense control circuit 17. At the 
inner-force sense control circuit 17, by the operation amplifying circuit 51 and resistance 52, a voltage 
current conversion circuit is constituted and the motor 5 for rolling up is driven with fixed current. Since 
the motor 5 for rolling up is a direct current motor, the torque proportional to current can occur, a wire 2 
can be pulled with fixed torque, and a fixed inner force sense can be given to the inside of a finger. 
[0015] Drawing 3 is the front view showing the 2nd example of the inner force-sense presentation 
equipment which is invention of the 1st of this invention. The portion of a glove 6 is drawn with the 
dashed line as a transparent thing so that relation with a finger may be easier to understand this front 
view. Also in this example, in order to clarify a principle more, the example carried out only in the portion 
of the 1st joint of the forefinger is shown. The place which presses and pulls a member 1 with a wire 2 is 
the same as the case of drawing 1 . In drawing 3 , it presses, a pressure sensor 8 is attached between a 
member 1 and a glove 6, and it can be made to carry out direct detection of the pressure which is 
equivalent to the inside of a finger. As a pressure sensor 8, a pressure sensitive electrical conductive gum 
etc. is possible, for example. If a pressure -sensitive electrical conductive gum applies a pressure, 
resistance will fall remarkably. The information on a pressure sensor 8 is sent to the inner-force-sense 
control circuit 17 shown in drawing 4 , and control of inner force-sense presentation realizes it by driving 
the motor 5 for rolling up. 

[0016] Drawing 4 is the configuration block view showing the 2nd example of the circuit which enforces 
the inner- force -sense control method by this invention. The target inner force -sense value determined 
from an inner force-sense setting means 18 to calculate inside a computer based on body configuration 
data and the position data of a hand as drawing 2 explained is inputted into the inner force-sense control 



circuit 17. The operation amplifying circuit 53 and resistance 54 constitute the control circuit from the 
inner-force sense control circuit 17. In the case of the force in which the detection result of a pressure 
sensor 8 is larger than a setting inner force sense, the resistance of the ends of a pressure sensor 8 
becomes small, and the voltage of the inversed input terminal of an operational amphfier 53 rises. 
Consequently, the output of the operation amplifying circuit 53 declines. Consequently, the driver voltage 
of the motor 5 for rolling up falls, and rolling-up torque decreases. Therefore, the force which pushes and 
pulls a member 1 also declines and the detection pressure of a pressure sensor 8 also declines. Conversely, 
when the detection pressure of a pressure sensor 8 is smaller than a setting inner force sense, the 
rolling-up torque of the motor 5 for rolling up is made to increase by this reverse principle. Consequently, 
the rolling-up torque of the motor 5 for rolling up balances in the place where the detection pressure of a 
pressure sensor 8 and the setting inner force sense of the inner force sense setting means 18 become 
equal. In addition, in this inner-force-sense control circuit, compensation arithmetic circuits, such as a 
PID operation for improving the stability of a control circuit and high speed responsibility, are omitted. 
[0017] Drawing 6 is a perspective diagram in the example of drawing 1 and drawing 3 which contacts to 
the inside of a finger and in which pushing against and showing the example of composition of a member 
1. forcing in these examples a member 1 is a ring-like configuration, the front left is a fingernail side on 
the basis of space, and a **** side is a root side of a finger As shown in drawing 6 , the dished portion (a) 
of a balance is equivalent to the portion which forces the inside of a finger. Moreover, the portion of (a) can 
be pressed against the inside of a finger by attaching and pulling a wire 2 into a upside (b) portion. 
Moreover, what is necessary is just to carry a pressure sensor 8 in the portion of (a), in order to make it 
correspond to the example in drawing 3 . When a pressure sensor 8 is a pressure sensitive electrical 
conductive gum, it is possible by pushing, preparing the confrontation electrode of the eye type of one pair 
of combs between a member 1 and a pressure sensor, and measuring inter -electrode resistance to detect a 
pressure. 

[0018] In addition, not only the above-mentioned example but other fields are sufficient as the field of the 
glove with which this invention presses and a member is pressed. 

[0019] Moreover, not only the above-mentioned motor but other driving means are sufficient as a wire 
rolling-up means. 

[0020] Moreover, this invention cannot be overemphasized by that it is possible to apply not only to a 
finger but to an arm, a leg, etc. although this invention shows the example in the system which gives a 
feeling of operation to a finger. 

[0021] In addition, in the example of this invention, although reference was not made especially about 
detection of bending of a finger, in the method of this invention, the glove used as the method or product 
already known using an optical fiber which was mentioned above etc. can be used about detection of 
bending of a finger. And in the case of this invention, attaching in such a glove etc. easily is possible, this 
invention cannot limit the composition for a bending detecting element, but can apply it to parts for a 
various detecting element, and the use range is also latus. 
[0022] 

[Effect of the Invention] As explained above, this invention can present the inner force senses in the case 
of grasping the virtual body etc. with a sufficient precision by the comparatively easy method, and the 
operation feeling can be investigated without actually making a body, and it can realize easily remote 
operation of the body which the hand of a distant place or human being does not reach. 
[0023] Since it is possible especially to make a hand portion lightweight by this invention, it has the effect 
that the burden to a hand can be reduced. 

[0024] Moreover, a glove can be equipped with an inner-force -sense presentation portion, and the winding 
c portion of a wire is attached in an operator's waist etc., and since operation is possible, without the 
mechanical connection between a wire and a computer being less necessary for an operator, and being 
conscious of a wire, since it is also possible to drive a motor by the cell, presence can be raised further. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the front view showing the composition of a finger portion among the first example of the 
inner-force-sense presentation equipment of this invention. 

[Drawing 2l It is the block diagram of the control circuit of the first example of the inner-force-sense 
presentation equipment of this invention. 

[Drawing 31 It is the front view showing the composition of the finger portion of the second example of the 
inner- force sense presentation equipment of this invention. 

[Drawing 4l It is the block diagram of the control circuit of the second example of the inner-force- sense 
presentation equipment of this invention. 

[Drawing 51 It is the perspective diagram in one example of the inner-force-sense presentation equipment 
of this invention in which pushing against and showing the example of composition of a member. 
[Drawing 6l It is the block diagram of conventional false experience equipment. 
[Description of Notations] 

1 ... It presses and is a member. 

2 ... Wire 

3 ...Tube 

4 ... Supporter material 

5 ... Motor 

6 ... Glove 

8 ... Pressure sensor 

12 ... Contact calculation means 

17 ... Inner force sense control circuit 

18 ... Inner force-sense setting means 
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